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Abstract 

Background  In November 2022, Italy participated in the third edition of the European Centre for disease prevention 
and control (ECDC) point prevalence survey (PPS) of healthcare-associated infections (HAIs) in acute-care hospitals. 
A questionnaire based on the WHO infection prevention and control assessment framework (IPCAF) was included, 
which aims to investigate multimodal strategies for the implementation of IPC interventions.

Methods  A PPS was conducted using the ECDC PPS protocol version 6.0. The Regional health authority of the region 
of Piedmont, in north-western Italy, chose to enlist all public acute-care hospitals. Data were collected within one 
day per each ward, within 3 weeks in each hospital, at hospital, ward and patient level. A score between 0–1 or 0–2 
was assigned to each of the 9 items in the IPCAF questionnaire, with 14 points representing the best possible score. 
HAI prevalence was calculated at the hospital-level as the percentage of patients with at least one HAI over all 
included patients. Relations between HAI prevalence, IPCAF score, and other hospital-level variables were assessed 
using Spearman’s Rho coefficient.

Results  In total, 42 acute-care hospitals of the region of Piedmont were involved, with a total of 6865 included 
patients. All participant hospitals reported they employed multimodal strategies to implement IPC interventions. The 
median IPCAF overall score was 11/14 (interquartile range, IQR: 9.25–12). The multimodal strategy with the highest 
level of adherence was education and training, followed by communication and reminders. Strategies with the lowest 
level of adherence were safety climate and culture of change, and system change. Overall HAI prevalence was 8.06%. 
A weak to moderate inverse relation was found between IPCAF score and HAI prevalence (Spearman’s Rho -0.340, p 
0.034). No other significant correlation was found.
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Conclusions  This study found a high self-reported overall level of implementation of multimodal strategies for IPC 
in the region. Results of this study suggest the relevance of the multimodal approach and the validity of the IPCAF 
score in measuring IPC programs, in terms of effectiveness of preventing HAI transmission.
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Background
Healthcare-associated infections (HAIs) represent 
a serious public health challenge worldwide with a 
major impact on patient morbidity, mortality and qual-
ity of life [1–3]. Up to 55% of HAIs are estimated to 
be potentially avoidable through the implementation 
of appropriate infection prevention and control (IPC) 
interventions [4].

The World Health Organization (WHO) developed a 
standardized self-assessment tool, the infection preven-
tion and control assessment framework (IPCAF), which 
allows to perform a baseline evaluation of IPC practices 
at the national, sub-national and facility level, and to 
document and guide improvements over time through 
repeated measurements [5]. The IPCAF questionnaire 
assesses eight core elements of IPC: IPC programme; IPC 
guidelines; IPC education and training; HAI surveillance; 
multimodal strategies for implementation of IPC activi-
ties; IPC practice monitoring and auditing; workload, 
staffing and employment; built environment, materials 
and equipment for IPC at facility level. In 2018, a multi-
country, cross-sectional study was conducted through 
semi-structured interviews based on the IPCAF, which 
revealed that only 12.5% ​​of the 88 participating countries 
implemented elements of all core components [6].

Since 2011, the European Centre for disease prevention 
and control (ECDC) has been promoting point preva-
lence surveys (PPS) of HAIs in acute-care hospitals every 
five years. According to the latest ECDC PPS surveillance 
report (based on data collected in 2016–2017), HAI prev-
alence was 5.9% at the European level [7]. In Italy, HAI 
prevalence was 8.03% in 2016, corresponding to an esti-
mated annual burden of over 700 disability-adjusted life 
years (DALYs) per 100.000 general population [1, 7].

In November 2022, Italy participated in the third edi-
tion of the ECDC PPS. Among other updates, the PPS3 
protocol revised the section addressing IPC practices 
by including the IPCAF questionnaire, with the option 
of completing the full questionnaire or a summary ver-
sion [8]. In Piedmont, a Northern Italian region, 42 
acute-care hospitals participated in the PPS3 survey. 
The Italian national coordinating team chose to use the 
short version of the IPCAF questionnaire, which aims 
to investigate multimodal strategies for the implemen-
tation of IPC interventions (WHO Core component 5), 
as proposed by the ECDC [9].

The objective of this study was to assess if a score based 
on the core items for IPC assessed through the short ver-
sion of the IPCAF questionnaire correlated with HAI 
prevalence at the hospital-level.

Methods
Study design, protocol and definitions
A national PPS was conducted in November 2022. The 
ECDC proposed 3 periods for conducting the PPS: April-
June 2022, September–November 2022 and April-June 
2023; the Italian study was conducted within the second 
window. The Department of Public Health and Pediatrics 
of the University of Turin acted as national coordinating 
center.

An adapted version of the ECDC PPS protocol version 
6.0 was used [8, 9]. The PPS protocol adopts European 
case definitions for HAIs (as proposed by Hospitals in 
Europe Link for Infection Control through Surveillance, 
HELICS) as well as National Healthcare Safety Network 
(NHSN) HAI definitions [10].

Sampling of hospitals
The selection of the national sample took place through 
convenience sampling, i.e. the 21 Italian regions and hos-
pitals were invited to join the surveillance on a voluntary 
basis. Due to the multi-level governance of the Italian 
National health system [11], to ensure regional represent-
ativeness each region was asked to contribute to the study 
with a proportionate number of hospitals based on their 
population, acute-care hospital bed-days and discharges 
(considering ordinary admissions to acute care facilities). 
In addition to this minimum limit, which ranged from 
1 to 5 hospitals per region, each region could choose to 
participate to a greater extent [9]. The Regional health 
authority of Piedmont, in north-western Italy, chose to 
enlist all public acute-care hospitals. Not-for-profit and 
private facilities were also invited to participate on a vol-
untary basis.

Data collection
PPS data were collected by trained local hospital staff, 
including doctors, infection control nurses and other 
nursing staff. Data were collected within one day per 
each ward, within 3 weeks in each hospital. All patients 
admitted to the ward before 8 A.M. on the day of the sur-
vey and still present at the time of the PPS were included.
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As previously described in detail, data were collected at 
hospital, ward and patient level. [12]. Hospital-level data 
included hospital characteristics, structure and process 
indicators pertaining to IPC, as well as the IPCAF ques-
tionnaire. As aforementioned, according to the ECDC 
protocol it was possible to choose whether to complete 
the IPCAF questionnaire in full or a summary version 
[8]; at the national level, the latter option was chosen. 
Patient-level data included demographic and clinical 
data, such as presence of invasive devices, severity of 
underlying conditions, antibiotic use, presence of active 
HAIs. Additional information was collected for patients 
receiving one or more antimicrobial treatment or in case 
of active HAIs.

Data were collected using a REDCap-based online 
platform, which was previously tested through a pilot 
PPS [13]. The data collection form was designed by the 
national coordinating team, and developed in collabora-
tion with software engineers. Access to the platform was 
restricted to authorized users, in compliance with the EU 
General data protection regulation (GDPR). The national 
coordinating center provided on-line training on the 
study design, protocol and definitions, as well as on how 
to use the online software and data entry form.

The national coordination centre received data between 
December 2022 and March 2023 and subsequently per-
formed quality assessment, assembly, and analysis.

Statistical analysis
Descriptive statistics were used to summarize hospital-
level data, namely: size, ownership type, level of care 
provided, full-time equivalent (FTE) doctors and nurses 
per 1000 beds, proportion of single rooms, diagnostic 
capacity, alcohol-based handrub consumption per 1000 
patient-days (PDs), participation in surveillance net-
works. Quantitative variables were summarized using 
median and interquartile ranges (IQRs) due to non-nor-
mal distribution (Shapiro–Wilk tests).

A scoring system was developed to summarize 
responses to the short version of the IPCAF question-
naire. A score between 0–1 or 0–2 was assigned to each 
of the 9 items in the questionnaire: use of multimodal 
strategies to implement infection prevention and control 
(IPC) interventions; level of implementation of system 
change, education and training, monitoring and feed-
back, communication and reminders, safety climate and 
culture of change;

Scores for each hospital were then added up to obtain 
an overall score ranging from 0 to 14 points, where 14 
points represent the best possible score. Full details of the 
items included in the questionnaire, scoring system, and 
survey responses are available in Table 1.

HAI prevalence was calculated at the hospital-level as 
the percentage of patients with at least one HAI over all 
included patients on the day of the survey. For this study, 
COVID-19 patients were excluded, due to the possible 
confounding effect on HAI transmission [14–16].

Relationships between the following variables: HAI 
prevalence, IPCAF score, FTE infection control person-
nel per 1000 beds, number of yearly blood cultures, and 
number of yearly stool tests for Clostridium difficile per 
1000 PDs, and yearly alcohol-based hand rub consump-
tion (litres per 1000 PDs), were assessed at the facility 
level using Spearman’s Rho coefficient, as the distribution 
of variables was not normal. All analyses were performed 
using IBM SPSS, Version 28.0. Armonk, NY: IBM Corp.

Results
Hospital‑level data
In total, 42 acute-care hospitals of the region of Pied-
mont were involved, 3 of which were not-for-profit hos-
pitals (7.14%). The median number of beds was 218.5 
(IQR 118.5–277.5). Only 4 hospitals exceeded 500 beds. 
Regarding the level of care provided, the majority of hos-
pitals provided primary-level care (n = 19). Full details of 
characteristics of participating hospitals, IPC structure, 
resources, and practices are provided in Table 2.

All participant hospitals reported they employed mul-
timodal strategies to implement IPC interventions. The 
median IPCAF overall score was 11 (IQR: 9.25–12). 
Scores assigned to each item are reported in Table 1. The 
multimodal strategy with the highest level of adherence 
was education and training, with 30 facilities achieving 
the highest score for this section, followed by communi-
cation and reminders [26 facilities], and monitoring and 
feedback (22 facilities). Strategies with the lowest level 
of adherence were safety climate and culture of change, 
with 9 facilities not implementing this element, and sys-
tem change (6 facilities). A multidisciplinary team was 
involved in the implementation of multimodal strategies 
in the majority of hospitals (n = 40, 95.24%).

Patient‑level data
In total, 7274 patients were included in the PPS, of 
these, 409 were COVID-19 patients and were therefore 
excluded from analyses (Fig.  1). Among the remaining 
6865 patients, 49.93% were female, and the median age 
was 72 years (IQR 56–81). The majority of patients were 
hospitalized in medical wards (40.66%), followed by sur-
gical wards (27.6%).

On the day of the survey, 593 HAIs were recorded 
among 553 patients (overall HAI prevalence: 8.06%); 
the mean HAI prevalence among hospitals was 7% (95% 
confidence interval, CI 5.8%—8.3%). HAIs acquired in 
the trusts were 81.79% of cases. The 3 most frequently 
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observed HAIs were pneumonia (n = 128, 21.59%), cys-
titis or other symptomatic lower urinary tract infec-
tions (UTIs, n = 125, 21.08%) and bloodstream infections 
(BSIs, n = 76, 12.82%). Pneumonia was related to patient 
intubation in 39.1% of cases. Among patients with UTIs, 
66.09% had a urinary catheter, and among patients with 
BSIs, 63.16% had a central venous catheter.

Correlation analyses
As depicted in Fig. 2, a weak to moderate inverse relation 
was found between IPCAF score and HAI prevalence 
(Spearman’s Rho -0.340, p 0.034). No other significant 
correlation was found between HAI prevalence and other 
considered hospital-level variables, nor between IPCAF 
score and other considered hospital-level variables.

Table 1  Items included in the short version of the infection prevention and control assessment framework (IPCAF) questionnaire, 
scoring system, and survey responses (N = 42)

Survey item Score Results – n (%)

A. Do you use multimodal strategies to implement infection prevention and control (IPC) interventions?

  • No/Unknown 0 0

  • Yes 1 42 (100)

B. Do your multimodal strategies include any or all of the following?

  System change
    • Element not included in multimodal strategies 0 6 (14.29)

    • Interventions to ensure the necessary infrastructure and continuous availability of supplies are in place 1 19 (45.24)

    • Interventions to ensure the necessary infrastructure and continuous availability of supplies are in place, further ergo-
nomics and accessibility are addressed (e.g. best placement of central venous catheter set and tray)

2 17 (40.48)

  Education and training
    • Element not included in multimodal strategies 0 2 (4.76)

    • Written information and/or oral instructions and/or e-learning only 1 10 (23.81)

    • Additional interactive training sessions (including simulations and/or bedside training) 2 30 (71.43)

  Monitoring and feedback
    • Element not included in multimodal strategies 0 0

    • Monitoring compliance through process and outcome indicators (e.g. hand hygiene audits or catheterization practices) 1 20 (47.62)

    • Monitoring compliance and providing timely feedback of monitoring results to healthcare professionals and other key 
players

2 22 (52.38)

  Communication and reminder
    • Element not included in multimodal strategies 0 1 (2.38)

    • Reminders, posters or other advocacy/awareness-raising tools to promote the intervention 1 15 (35.71)

    • Additional initiatives to improve team communication across units and disciplines (e.g. by establishing regular case 
conferences and feedback rounds)

2 26 (61.91)

  Safety climate and culture of change
    • Element not included in multimodal strategies 0 9 (21.43)

    • Managers/leaders show visible support and act as champions and role models, promoting an adaptive approach 
aimed at strengthening a culture that supports IPC, patient safety and quality

1 25 (59.52)

    • In addition, teams and individuals are empowered so that they perceive ownership of the intervention (e.g. by partici-
patory feedback rounds)

2 8 (19.05)

C. Is a multidisciplinary team used to implement multimodal strategies?

  • No/Unknown 0 2 (4.76)

  • Yes 1 40 (95.24)

D. Do you regularly link to colleagues from quality improvement and patient safety to develop and promote multimodal strategies for IPC?

  • No/Unknown 0 9 (21.43)

  • Yes 1 33 (78.57)

E. Do these strategies include bundles or checklists?

  • No/Unknown 0 5 (11.91)

  • Yes 1 37 (88.1)



Page 5 of 9Vicentini et al. Antimicrobial Resistance & Infection Control           (2024) 13:39 	

Discussion
This study described a region-wide assessment of the 
level of implementation of multimodal IPC practices 
among 42 acute-care hospitals of Northern Italy. A 
standardized questionnaire based on the WHO IPCAF 
Core component 5 was employed, for which a significant 
correlation with HAI prevalence was found.

In Italy, antimicrobial resistance (AMR) is a relevant 
health concern [1, 12]. To address this issue, two Ital-
ian National Action Plans to contrast AMR (PNCAR) 
were issued, in 2017 and 2022 [17, 18]. IPC and HAI 
surveillance are included among strategic objectives 
of both plans, and together with appropriate antibiotic 
use are recognized as the three pillars sustaining the 
national strategy and coordinated governance of the 
latest PNCAR.

As the Italian national health system is decentral-
ized, the provision of healthcare within each of the 21 
Regions of Italy, including the local implementation of 
the PNCAR, is consigned to Regional Health Authorities 
[11]. In the Region of Piedmont, a series of policy meas-
ures, quality-driven strategies, and an indicator-based 
performance evaluation program have been employed 
to promote surveillance of HAIs and strengthen IPC 
activities since 2008, within a regional framework. Per-
formance indicators are updated each year by a multidis-
ciplinary working group, and have been targeted towards 
the objectives outlined in the PNCARs since 2018.

Several aspects of IPC programs have been assessed 
through the regional indicator system throughout the 
years, however multimodal strategies, a relatively novel 
concept, had not yet been systematically investigated. 
The WHO IPCAF is based on evidence-based guidelines 
for the implementation of Core components of IPC [19]. 
Importantly, an inverse correlation between a score based 
on Core component 5 and HAI prevalence was found in 
this study, supporting the relevance of the multimodal 
approach and the validity of the IPCAF score in measur-
ing IPC programs, in terms of effectiveness of preventing 
HAI transmission.

Our study found a high overall level of implementation 
of multimodal strategies for IPC (median score 11/14), 
with the majority of facilities implementing all elements 
defined by the WHO. Previous evaluations performed 
in Germany, Austria, and Korea found lower scores for 
multimodal strategies compared to those assigned to 
other Core components, leading the Authors to conclude 
that efforts to strengthen IPC in high-income countries 
should place further focus on multimodal strategies 
[20–22].

However, in our Region safety climate and culture of 
change and system change were identified as areas for 
improvement. Further efforts should be directed towards 
empowering teams and individual healthcare profession-
als so that they perceive ownership of interventions. This 
issue is particularly relevant in our country, given the lack 
of accountability and tendency by several stakeholders 
to avoid taking charge recognized by the ECDC in their 
country visit to Italy to discuss AMR [23].

Table 2  Characteristics of participating hospitals, infection 
prevention and control (IPC) structure, resources, and practices

a  Data referring to the previous year (2021)
b  Data available from 40 hospitals

Characteristic Value

Hospital size (number of beds), n (%)

  < 200 19 (45.23)

  200–500 19 (45.23)

  ≥ 500 4 (9.52)

Ownership, n (%)

  Public 39 (92.86)

  Private 0

  Not-for-profit 3 (7.14)

Level of care, n (%)

  Basic 9 (21.43)

  Primary level 19 (45.23)

  Secondary level 8 (19.05)

  Specialized 6 (14.29)

IPC structure and resources

  Infection control personnel, median  
(interquartile range, IQR)

  Full-time equivalent (FTE) doctors per 1000 beds 2.03 (1.21 -2.78)

  FTE nurses per 1000 beds 6.71 (5.18 -9.22)

  FTE stewardship consultants per 1000 beds 0.15 (0 – 1.96)

  Proportion of single rooms (% over all rooms), 
median (IQR)

16.2 (11–23)

Diagnostic capacity:

  Number of blood cultures/year (per 1000 
patient-days, PDs)

60.1 (28.76–83.75) ab

  Number of stool tests for Clostridium difficile/
year (per 1000 PDs)

5.72 (3.54 -8.57) ab

  Possibility of requesting exams during the  
weekend, n (%)

30 (71.43)

IPC practices

  Alcohol-based hand rub consumption/year 
(litres per 1000 PDs), median (IQR)

24 (17–30)a

Participation surveillance networks, n (%)

  Surgical site infections 38 (90.48)

  Urinary tract infections 32 (76.19)

  C. difficile infections 17 (40.48)

  Antibiotic resistance 35 (83.33)

  Antibiotic use 29 (69.05)

  Other 10 (23.81)
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According to results of our study, IPC staffing levels are 
in line with minimum requirements defined by the WHO 
[24], and the number of IPC doctors and nurses per 1000 
beds have slightly increased since the previous edition 
of the PPS conducted in Piedmont [25]. The majority of 
hospitals indicated their participation in surveillance 
networks coordinated within the regional framework: 
namely surgical site infections, antibiotic resistance, and 
antibiotic use. A lower degree of participation was found 
for surveillances outside this system, such as C. difficile 
infections.

Alcohol-based handrub consumption has consider-
ably increased, from a median of 11.1 L per 1000 PDs 
in 2016 to 24 in the current study [25]. This finding is in 
line with previous national and international reports of 
increased consumption of alcohol-based handrub fol-
lowing the COVID-19 pandemic, however efforts should 

now be dedicated to maintaining high consumption lev-
els beyond the pandemic context [26, 27]. Interestingly, 
a multimodal approach to promoting hand hygiene 
practices was adopted by our region, in line with WHO 
guidelines and through the Hand hygiene self-assessment 
framework (HHSAF) proposed by the WHO, which has 
been included among performance indicators of our 
region since 2014 [28].

Concerning patient-level data, a HAI prevalence of 
just over 8% among non COVID-19 patients was iden-
tified in this study, which was similar to results of the 
previous edition of the PPS in Italy (8.03%) and in our 
region (7.26%), even though patients were slightly older 
in the current edition [7, 25]. As in the previous edition, 
the most frequent HAI types were pneumonia, UTIs, 
and BSIs. In light of the high level of implementation of 
IPC practices, further research is necessary to evaluate 

Fig. 1  Flow chart of study participants
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possible explanations for the lack of improvement in HAI 
prevalence, such as changes in patient case-mix or the 
impact of the COVID-19 pandemic on HAI transmission.

Several limitations should be considered when inter-
preting results of this study. First, as participation in 
the PPS was voluntary, hospitals with higher interest in 
IPC could be overrepresented. Further, the study mainly 
focused on public hospitals, with a low participation 
among private and not-for profit facilities (Table  2). 
However, as shown in Fig.  1, participation in the PPS 
accounted for over 50% of total acute-care beds. Second, 
limitations due to study design apply: we did not attempt 
to determine causal relationships between variables as 
point data were collected. Third, data were self-reported, 
and only patient-level variables were validated. A vali-
dation survey according to the ECDC PPS 2022–2023 
Validation Protocol Version 4.0 was performed among 
50 patients of one facility of the Region, which found a 
sensitivity and specificity in identifying HAIs of 85.71% 
and 95.45% respectively. Validation was not performed 
in regards to the IPCAF questionnaire. Concerning 
the IPCAF questionnaire in particular, a high degree of 
understanding of the underlying concepts and defini-
tions was required in order to accurately perform facil-
ity assessment, therefore we cannot exclude that certain 
elements may have been misunderstood or that self-
reported results may have been distorted by a degree 

of reporting bias. Finally, as the primary purpose of the 
IPCAF is self-assessment, and health system structure, 
policy, and organization could influence implementation 
levels, we would caution against international compari-
sons of results.

In conclusion, through this study a baseline assessment 
of IPC activities in our region was performed, which 
allowed us to document strengths and areas for improve-
ment. This first assessment will hopefully be useful to 
define priorities for action and tailored improvement 
strategies, in particular considering the high prevalence 
rates for HAI found in our region. Results of this study 
provide standardized reference data for benchmarking; 
repeated monitoring and evaluation could help sustain 
progress over time [19, 29].
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